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Data on alligator gar life history and population characteristics 
are sparse. Historically, alligator gar occurred throughout most of 
the southeastern United States and Mexico, but habitat loss and 
overexploitation have significantly reduced their range (Jelks et al. 
2008). Alligator gar remain abundant in Texas and Louisiana and 
are mostly found in large river systems, their associated reservoirs, 
and coastal estuaries where successful spawning and reproduc-
tion is thought to occur during large flood pulses over terrestrial 
vegetation (Inebnit 2009, Kluender 2011, Buckmeier et al. 2013). 
Alligator gar are long-lived, slow to mature, highly fecund, and ex-
hibit highly variable recruitment associated with unstable environ-
ments (Ferrara 2001), all characteristic of species with a periodic 
life history strategy as defined by Winemiller and Rose (1992). Pe-
riodic life history strategist species can be vulnerable to population 
declines caused by overfishing (Parent and Schrimi 1995, Boreman 
1997, Jennings et al. 1998). Studies by Ferrara (2001) and DiBene-
detto (2009) previously provided basic life history data of alliga-
tor gar in coastal Alabama and Louisiana, respectively. Binion et 
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Following decades of persecution and population declines 
across much of its historic range, the alligator gar (Atractosteus 
spatula) has recently become the subject of renewed interest as a 
sport fish. The 2008 designation of alligator gar as “vulnerable” by 
the American Fisheries Society (AFS; Jelks et al. 2008) has prompt-
ed fish and wildlife agencies to focus conservation and research 
activities on the species. In addition, the Southern Division of 
the AFS formed an Alligator Gar Technical Committee in 2009 
to share information and foster cooperation among researchers in 
the region. Recently, seven states have restricted or prohibited har-
vest of alligator gar (Binion et al. 2015). In Texas, alligator gar had 
been unregulated, but increased popularity of fishing for trophy al-
ligator gar led the Texas Parks and Wildlife Department (TPWD) 
in 2009 to implement a precautionary statewide one fish per day 
bag limit to provide some protection to this potentially vulnerable 
species. The one fish per day bag limit was considered a first step 
toward managing alligator gar while data were gathered both in 
Texas and throughout the species range. 
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al. (2015) provided some of the first peer-reviewed population 
dynamics and vital-rate estimates for alligator gar in the United 
States. That study focused on a Texas reservoir population of alli-
gator gar; however, river populations may have different vital rates 
and population characteristics. 

The Trinity River in Texas appears to support one of the pre-
mier trophy alligator gar fisheries in the world. Anglers fishing the 
Trinity River routinely report catching alligator gar in excess of 70 
kg and catching gar greater than 100 kg is not uncommon. This 
popular alligator gar fishery has become internationally known 
and has been the subject of numerous nature-based television 
programs airing on the National Geographic, Discovery, Animal 
Planet, and History channels. The river is popular for both rod-
and-reel angling and bowfishing (Bennett and Bonds 2012). Prior 
to this study, alligator gar population and harvest data were lacking 
in the Trinity River system, and information on the fish was lim-
ited to anecdotal reports. Because of the importance and growth in 
popularity of this gar fishery, our goal was to estimate the popula-
tion characteristics and status of alligator gar in the middle Trinity 
River to inform current and future management. Specific objec-
tives of this project included estimation of: 1) size structure; 2) 
population abundance; 3) angler exploitation; and 4) vital rates 
(i.e., longevity, mortality, and growth).

Methods
Study Area

Our study was focused on an approximately 325-km reach of 
the middle Trinity River, Texas, bounded on the upstream end 
by Highway 31 near Dallas and on the downstream end by High-
way 190 near the upper end of Livingston Reservoir (Figure 1). 
This reach represents most of the fishable water (~10,700 ha) des-
ignated as the upper Trinity River by Bennett and Bonds (2012) 
but excludes headwater areas. The Trinity River is primarily free-
flowing in this reach with the exception of an incomplete lock and 
dam near the State Highway 7 road crossing (near Crockett, Texas) 
that likely functions as a partial fish barrier, especially to upstream 
movement. Although this reach is located near several large popu-
lation centers, there are only three public boat ramps, located near 
the top and bottom of our study reach (Figure 1). 

Collection / Sampling
Data from over 850 individual alligator gar were obtained be-

tween 2007 and 2014 for use in this study, mostly from angler 
cooperators. Size structure, population abundance, and angler 
exploitation (i.e., from mark and recapture) data were collected 
through fish captured by Kirkland’s Gar Fishing Guide Service. 
Age samples of alligator gar were predominantly collected from 

bowfishing tournaments and bowfishing cooperators (n = 105; 
Bennett and Bonds 2012), and by state personnel using angling 
and gillnets (n = 14). Alligator gar data collection was broadly dis-
tributed spatially throughout the study reach. 

Size Structure, Population Abundance, and Angler Exploitation
From August 2007 through June 2010, alligator gar caught by 

rod-and-reel anglers fishing with Kirkland’s Gar Fishing Guide 
Service were tagged (at first capture) with an individually num-
bered T-bar anchor tag (FD-94; Floy Tag and Manufacturing, Inc.; 
Seattle, Washington) near the dorsal fin (Buckmeier and Reeves 
2012) and measured for total length (TL). Following tagging, alli-
gator gar were released near their capture location. When fish were 
recaptured by clients of the guide service, they were measured and 
tag numbers were recorded. Each year, angling occurred several 
days per week between April and November in eight primary ar-

Figure 1.  Map of the middle Trinity River study area including the distribution of angling areas 
where alligator gar were captured by rod and reel anglers for the mark-recapture study.  With the 
exception of public boat ramps at U.S. Highway 287, U.S. Highway 190, and State Highway (SH) 19, 
all other access points were private or unimproved.
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eas dispersed throughout the study reach (Figure 1); angling and 
tagging by the guide service did not occur during winter months. 
These fish were caught using large baits (typically > 0.5-kg cut fish), 
and after examination of the length frequency (Figure 2), alligator 
gar < 107 cm TL were not considered fully recruited to the gear.

Size structure of alligator gar was estimated by pooling angler-
caught fish across years (n = 715). Although fish < 107 cm were 
not fully represented, they were included in our length frequency 
analyses to document presence. Total length of some fish (n = 75) 
was estimated by the guide because fish were immediately released 
at the boat and were not landed. Although these estimates could be 
underestimated or overestimated by as much as 15 cm, they were 
included because such error would only place a fish in an adjacent 
15 cm length category and should not affect the overall shape of 
the size distribution.

Population abundance for our study reach was estimated using 
a Schnabel multiple census estimator (Seber 1982). Each census 
period represented about 1 month of pooled fishing effort (n = 18 
periods); winter months were not included because no fishing 
occurred. For each census period, numbers of marked fish were 
adjusted for tag loss and hooking mortality. Although Buckmeier 
and Reeves (2012) found anchor tag loss was minimal in the first 
year, we assumed a 10% annual tag loss as a conservative estimate 
because retention of anchor tags typically decreases substantially 
after the first year (e.g., Timmons and Howell 1995). We also ad-
justed the number of tags at large by assuming 20% of fish from 
107 to 152 cm died from hooking and handling stress based on 
incidental hooking mortality previously observed during TPWD 
collections of alligator gar (TPWD; unpublished data). Hooking 
mortality on fish larger than 152 cm was assumed negligible as 
none has been documented for fish of this size (TPWD; unpub-
lished data). Because inclusion of fish that were not fully recruited 

to the gear would underestimate the true population size, marked 
and recaptured fish < 107 cm were omitted. Population size was 
estimated after each year of data collection (2008 and 2009) and 
upon completion of the mark-recapture component of the study 
in June 2010. Because of the relatively low number of recaptures, 
confidence intervals were calculated assuming recaptures were ap-
proximately Poisson distributed (Chapman 1948, Seber 1982). Al-
ligator gar abundance was also used to estimate density in both 
number of fish river-km –1 and number of fish ha –1. 

Although the primary assumption of a Schnabel multiple cen-
sus estimator is a closed population (i.e., one with no immigra-
tion, emigration, recruitment, or mortality), it is often useful when 
these conditions are only approximately satisfied (Ricker 1975). 
Because alligator gar were sampled throughout the majority of 
the impounded reach where habitat is suitable, we considered 
immigration or emigration to be minimal. Although the mark- 
recapture effort occurred over nearly a three-year period, mortal-
ity and recruitment of this long-lived species was typically low and 
likely offset each other, thus satisfying those assumptions. 

Angler exploitation was estimated from voluntary tag returns 
(i.e., without rewards or incentives) by anglers not associated with 
Kirkland’s Gar Fishing Guide Service, which released all recap-
tured fish. In addition to unique tag numbers, tags included the 
words “research fish” and “if caught call” with a phone number. 
Angler exploitation was calculated for 2008 and 2009 by dividing 
the number of tags returned for fish ≥107 cm by the number of 
tags at large after adjusting for hooking mortality and tag loss. We 
also adjusted the number of tags returned assuming non-reporting 
or non-detection was 50%, which corresponded to the midpoint 
of values used by Binion et al. (2015). Similar to the population 
estimate, confidence intervals were calculated assuming observa-
tions were approximately Poisson distributed (Chapman 1948, Se-
ber 1982). 

Vital Rates
Sagittal otoliths (n = 119) were used to estimate alligator gar 

ages, and subsequently longevity, mortality, and growth in the 
study reach. Preparations and age estimation followed the meth-
ods described by Buckmeier et al. (2012). Otoliths were ground in 
the transverse plane, immersed in water to reduce reflection, and 
illuminated using a single-strand fiber optic filament. Year class 
was then estimated independently by two readers without refer-
ence to fish length. If the assigned year classes differed, a second 
independent estimate was provided by each reader. Following the 
second estimate, remaining discrepancies were settled using a con-
sensus read. Ages were then calculated to the nearest 0.1 years by 
subtracting the peak hatch date (i.e., 1 June of the year the fish was 
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Figure 2.  Length frequency (15-mm groups) of alligator gar (n = 715) captured in the middle Trinity 
River, Texas, from August 2007 through June 2010 using rod and reel angling. 
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hatched) from the capture date and dividing by 365 days. Longev-
ity was defined as the age to which 1% of the fish survived and was 
calculated as the age that corresponded with the 99th percentile of 
our age sample (Quinn and Deriso 1999). Annual total mortality 
was then estimated by assuming a type II survivorship curve (i.e., 
constant mortality) fit to represent 1% of fish reaching the estimat-
ed longevity (Ricker 1975, Hoenig 1983). Because the population 
has been fished, this mortality estimate includes both natural and 
fishing mortality. We described growth by fitting two alternative 
models (i.e., von Bertalanffy and power models) to length-at-age 
data (Katsanevakis and Maravelias 2008). The traditional von Ber-
talanffy growth model was used to represent an asymptotic growth 
function, while the power growth model represented non-asymp-
totic growth. In both equations Lt equals total length at age t. Both 
models were fit with the Excel Solver tool based on iterative least 
squares, and Akaike Information Criterion (AIC; Akaike 1974) 
and r2 values were calculated and used for model comparison. 

Results
Size Structure, Population Estimate, and Angler Exploitation

Size structure of angler-caught alligator gar from the middle 
Trinity River was broad, with fish ranging from 46 to 241 cm in 
length. Distribution of fish was fairly uniform across 15-cm length 
categories, particularly for alligator gar between 90 and 210 cm 
(Figure 2). Trophy-sized alligator gar (> 180 cm; Binion et al. 2015) 
were common and represented more than 23% of the sample. 

Annual estimates of alligator gar (≥107 cm) abundance ranged 
from 7903 to 8413 during the three years of study, and annual an-
gler exploitation ranged from 2.9% to 4.0% (Table 1). Exploitation 
was not calculated for 2010 because data collection only continued 
through June. Alligator gar (≥107 cm) density was estimated to be 
26 fish river-km –1 (95% CI, 16 to 54 fish river-km –1) and 0.8 fish ha –1 
(95% CI, 0.5 to 1.6 fish ha –1) in the final year of the study. All report-
ed harvest of alligator gar in 2008 and 2009 (n = 7) occurred from 
May through September. In 2010, an additional three tagged alliga-
tor gar were harvested from April through June. Methods of harvest 
included bow (n = 8), rod and reel (n = 1), and trot lines (n = 1). 

Vital Rates
Age estimates for alligator gar ranged from 1 to 53 yrs (Figure 

3). Subsequently, longevity was estimated at 52 yrs because > 1% 
of our sample lived to that age. Using this longevity, annual total 
mortality was estimated at 8.5% with a corresponding survival of 
91.5%. Length at age was highly variable, and both the von Berta-
lanffy curve (AIC = 1851; r2 = 0.7639) and the power growth curve 
(AIC = 1845; r2 = 0.7761) provided similar fit to the majority of the 
data; however, the power growth curve modeled early length at age 
better than the von Bertalanffy growth curve (Figure 3). The AIC 
and r2 provided similar support for both models, with the power 
model providing a marginally better fit. 

Discussion
The characteristics of the middle Trinity River alligator gar 

population appear to provide high trophy potential relative to 
other populations. With the exception of the Mobile-Tensaw Delta 
in Alabama where Ferrara (2001) reported 24% of the population 
exceeded 180 cm and maximum age was 50 yrs, other populations 
were dominated by smaller, younger fish (Ferrara 2001, DiBene-

Table 1.  Cumulative number of alligator gar ≥107 cm total length captured, marked (adjusted for tag loss and hooking mortality), and recaptured in the middle Trinity River, Texas, 
from August 2007 through June 2010.  Annual population estimates were calculated using a Schnabel multiple census design.  Exploitation estimates were based on voluntary 
angler returns of tagged alligator gar.  Confidence intervals (CIs) assumed a Poisson approximation.

Year Cumulative
captured

Cumulative
marked

Cumulative
recaptured

Population
estimate

95% C.I.s of  
population  

estimate
Exploitation 95% C.I.s of  

exploitation

2008 306 237 3 8413 2586–43224 2.9% 1.0–6.0%

2009 497 354 10 7903 4409–17712 4.0% 2.1–8.3%

2010 560 390 12 8365 5039–17637

Figure 3.  Growth equation estimates (von Bertalanffy = solid line; Power = dotted line; L t = total 
length at age t) based on length at age of alligator gar captured in the middle Trinity River, Texas  
( n = 119).
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detto 2009, Binion et al. 2015). Density of alligator gar was also 
higher in the middle Trinity River (0.8 fish ha –1) compared to 
Choke Canyon Reservoir (0.5 fish ha –1; Binion et al. 2015). 

Truncated size structure could be indicative of higher fishing 
mortality in other alligator gar populations. For instance, in Lake 
Pontchartrain and the Bayou DuLarge, Louisiana, where com-
mercial fisheries exist, alligator gar > 180 cm composed ≤ 3% of 
the population samples and maximum ages were only 26–28 yrs 
(Ferrara 2001, DiBenedetto 2009). In other systems, evidence of 
historic exploitation may still be evident in the current size and 
age structure. For example, in the Sabine National Wildlife Refuge, 
Louisiana, where commercial fishing continued until 1992, alliga-
tor gar > 180 cm made up about 11% of the population sample 
and maximum age was only 28 years (Ferrara 2001). Similarly, in 
Choke Canyon Reservoir, Texas, where commercial exploitation 
was high in the early 1990s following initial reservoir filling but 
has since ceased (TPWD; unpublished data), fish > 180 cm com-
posed 5% of the population sample and maximum age was only 
27 yrs (Binion et al. 2015). In both the Sabine and Choke Canyon 
populations, it is likely that the size and age structure were still 
rebuilding at the time of those studies and that in the following 
decades these populations may be more similar to the populations 
of the middle Trinity River or the Mobile-Tensaw Delta. 

Differences in selectivity among sampling techniques can af-
fect estimates of population characteristics. Past studies have used 
combinations of data from commercial fishers, recreational an-
glers, floaters (a type of jug line), and multifilament gill nets (Fer-
rara 2001, DiBenedetto 2009, Binion et al. 2015). While the cur-
rent study relied heavily on angler caught fish (both rod-and-reel 
and bow), we are confident it provided useful data that adequately 
represented the population of alligator gar ≥107 cm in the mid-
dle Trinity River. Post-hoc analyses of the data provided by Kirk-
land’s Gar Guide Service revealed no evidence of capture avoid-
ance or size bias. For example, recapture rates were similar across 
years (range = 1.1% – 1.8%) and sizes of recaptured fish (mean 
TL = 133.2 cm, SD = 36.6 cm) were similar to the overall sample 
(mean TL = 143.1 cm, SD = 43.1 cm). In addition, sizes of fish pro-
vided predominantly by bow anglers for age estimation (mean 
TL = 147.9 cm, SD = 44.1 cm) were also similar to fish caught by 
the guide service (mean TL = 143.1 cm, SD = 43.1 cm). 

Despite the difference in alligator gar density between the 
middle Trinity River and Choke Canyon Reservoir populations, 
current recreational angler exploitation was similar and low. Es-
timated exploitation ranged between 2.9% and 4.0% annually in 
the middle Trinity River compared to 0 to 2.3% annually in Choke 
Canyon Reservoir (Binion et al. 2015), falling within the range 
(≤5%) targeted by current TPWD alligator gar management. How-

ever, there is a limited commercial fishery on the middle Trinity 
River that is subject to the same 1 fish d –1 limit as the recreational 
fishery. None of our harvested tagged fish were reported from the 
commercial fishery, but recent commercial harvest data suggest 
commercial exploitation could be about 1.0% annually (2014 har-
vest = 82 fish; TPWD; unpublished data). Taken in combination, 
recreational and commercial harvest in the middle Trinity River 
could be approaching the 5.0% targeted maximum in some years. 

Although the confidence interval for our final population es-
timate was relatively wide (5039–17,637 fish), it is clear that this 
population can only sustain an annual harvest of several hun-
dred alligator gar ≥107 cm (i.e., 252–882 fish at 5% exploitation) 
to retain its current trophy characteristics. Our study design may 
not have fully adhered to the assumption of a closed population; 
however, any violations from mortality or recruitment were likely 
small. Because they are long-lived, alligator gar tend to have low 
annual recruitment and mortality with occasional episodic repro-
duction resulting in strong year classes. Our age data indicated no 
evidence of a strong year class that would have recruited to the 
population during the study period and considering that annual 
mortality was only 8.5% it is likely recruitment and mortality off-
set each other. This assumption is also supported by the lack of an 
increasing or decreasing trend in our population estimate which 
ranged from 7903–8413 fish over the three years.

Alligator gar vital rates in the middle Trinity River were generally 
similar to those reported for other populations. Longevity of 52 yrs 
was among the highest reported for alligator gar populations (e.g. 
Mobile-Tensaw Delta maximum age = 50 yrs; Ferrara 2001), but is 
likely typical of a population that has not been overexploited. Pop-
ulations with reduced maximum ages are likely the result of high 
exploitation at some point in the distant (e.g., Binion et al. 2015) 
or recent (e.g., DiBenedetto 2009) past. The estimated annual mor-
tality rate of 8.5% for the middle Trinity River was consistent with 
Ferrara’s (2001) pooled mortality estimate for Alabama, Mississippi, 
Louisiana, and Texas of 9.3%. Similar to other studies, we found 
that growth was highly variable among individual alligator gar, and 
that although growth was rapid initially, it began to slow once fish 
reached about 110 cm (Ferrara 2001, DiBenedetto 2009, Binion et 
al. 2015). Both growth models we tested had similar support from 
our data (i.e., similar AIC values), but the power model provided a 
better estimate of growth at young ages. Partially due to low sample 
size at young ages, the fitted von Bertalanffy model gave an unre-
alistic growth trajectory of alligator gar for the first several years of 
life, predicting hatch at a size of 90 cm. In addition to predicting 
more realistic sizes at age for the first few years, the non-asymptotic 
nature of the power model may be more appropriate for describing 
growth of a very long-lived fish with indeterminate growth. 
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The current TPWD management goal for the Trinity River alli-
gator gar population is to provide a unique trophy fishing opportu-
nity and maintain the existing size structure and density. Based on 
our estimates of size structure, exploitation, and population vital 
rates, we are currently meeting this goal. However, because alliga-
tor gar are a long-lived species with variable recruitment, popu-
lations can be vulnerable to overfishing (e.g., Parent and Schrimi 
1995, Boreman 1997, Jennings et al. 1998). Truncated size and age 
structure of commercially-fished alligator gar populations in Loui-
siana (Ferrara 2001, DiBenedetto 2009) provides further evidence 
of susceptibility. This necessitates a cautious approach to manage-
ment, because recovery will be slow if overexploitation occurs 
(e.g., populations in the Sabine National Wildlife Refuge, Louisi-
ana, and Choke Canyon Reservoir, Texas). We believe that current 
harvest levels in the middle Trinity River are sustainable. However, 
because regulations (i.e., 1 fish d –1 bag limit) do not limit entry, 
higher fishing effort could increase harvest above the targeted 5% 
maximum. Hence, more restrictive regulations (e.g., harvest quo-
tas or a tag system) may be required in the future to maintain this 
unique alligator gar population.
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